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* (1) Xtt (2) T-^$tb5'g'lgSdS^-a-UTv5. 



-JK;^ (1) 



-USt^ (2) 



-R-, -0-R-> -R-0-. -0-R-0-, - 
R-O-R- (mu. MISRfi. CxHy {xW:l*»^ 
2 0OSI^. y {iO*^6>4 OroS^) T^^^ttST/V-^ 

^ (3) -C^^ttSflBSdJi^-a-UTVN?*. T'ah^^e 



—fet^ (3) 



-e*>9. ]i:v^^cl^—t?focTtS''J^oT^^Tfc j;< > * 

fcMieA^iSlt^AM*. -0-. -R' -O-R' 

-R' -0-, -O-R' -0-, -R' -O- 
R" - ({aU, MfER' ^^tJSR" 14, Cx' Fy' H 

z' (x' \i.\ii^h2 0<r>Wik. y' «l*^b4 0o^ 

^''-5>^Cm (ni=3 6. 6 0, 7 0. 7 6, 78, 8 
0, 8 2, 8 4, 8 6, 8 8, 9 0, 9 2, 94, 9 6 



3<o^^-f^^*»l«^^:IE«bfcr^ hi^e^jt^^c, 
[lii*«5l «rfB'fftlSJ!)Sl~3 0<i«A$n-CV^ 
2>, |»*3Sl~3©V'«-ftt*»l«l^lSttLfc7'a 

lit 6 1 'pti < k h — o<om^-^^ h i^^fKtSro 
SaS-PO (OH) 2, -S03H3lJ4-COOH-Cfc 

■5, ff*3Si~3rov>-f3x*>i^ti:fH«bfc7°D hx'ft 
10 m*:3S7l Tia^^^^S (1) JLit (2) -C^^ixS 

^^^^ (1) : Ceo = (C (PO (OH) 2) 2) n 
^J-^-^ (2) : C60 = (C (SO3H) 2) n 
(mU, mfi^'lh^ (1) S.t5 (2) ^Ci3V^■C, nl41 

~3 OT*fc^o ) 

9~t. m.if^-:5L\±ni^mmnmm^kt^hti^mi:r)m 

(HO <S»H4<^SSr*i-5'i'ieSd5^-a-U, BtFiS'B-|g 
Iff*:® 9 ] MIET-n h S*« 2 ~ 7 © 

1 0 1 wiE« 1 m\^mmm^ $ tt, wisb 

30 5, tS*:«8tcfSifcUfcm^'fb^f /W;^„ 

>- (HO »«H4<OSc0^ig«it bTa3J^;^7'/wS^* 

(000 11 

[0 0 0 21 

[tS5t5<73SW] ^i|sf«?&»4, *(Da53ai^14^i^ y-^'-C- 
so [00031 «Siis|-m«,»i, '6lffitaft^ffiffl*#*S7'n h 



•4 



(3) 
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i:as-et5o ■Kfflr^T'o hve^ft:^^ 

[00041 — ■^ia~ 1 0 o'C*S5<oeftS«SHt? 

SJE«JflB-Cfo5x3.^>'ttK(0^,Ppife-^-7-f (Na f io 
i on) -^:JTtt(D=fr)K/iif*Sft^6«J-e*)!J. ^<OgSc 

[000 51 JtlS5«Jlgf UV^«!l«I^Sil{liffe7'o h 

l^^mWt'UX, H3M12 PO40 • 29H2O (M=M 
o, W) b205 • nH20/£if. # < (DTkfPTKSrit 

[0 0 0 6] w^^c>(^>i^^^t^iisf^*^p^k-a-^fe^4, 

ifS-g-) br7°n hv.(i:Lfc7k. o*•9:^^y=>^'A-(•;^- 
> (H3O*) ^^^b. wW:i-^ry=!J'A-|';*->'<D?^^ 

[0 0 0 71 ajfflc;SoT^*tP>i:l*e#««0 30 

[0 0 0 81 -wii-g-, rwei^cttroT/n h:^tt4!0fc*» 

[0 0 0 91 

[iSM;6S»gtb<t5 ti-SSSffll \.i)^Vti1)th. Jiifeb 
[0 0 101 S-r. MfE/-«-7/l';*-n^/W-s}x>'®?MSinc 



[001 11 H3M12 PO40 • 2 9H2O (M=Mo, 
W) ^Sb205 • nUiOfilfWm^mmtm':^^ h> 

tH-fia-ittitb-r. t.1t. S r C e O3 tV^oytfeS®© 

[0 0 121 wCOiplC. t«£5l5ro7°n h ve*<$:{4, S 
[0 0 131 t^oT, ^i|sfm?&^cOv';^7^A(?5«fi8;}c 

[0 0 141 ±M\.tLiiotiimmM.^mm.-r 
m^^k^T'^ w ;^ 5 r t fe 5 „ 

[001 51 

himi)^(6fi^mv.\^. ytih^- (h-) ^«h4<os* 
m-i-^'B:mmt)^m-^\.xfj:^mmt^x^'o. MiE-i-igs 

[0 0 161 Cir-C% HdlS r7°n h> (H^) ^jH'tScO 

[0 0 1 71 :^mm(D-yo h^^mmmc3:tnt. mu-^ 
[0 0 181 wfEf«i£iis. wiB^n h>mmm 



(4) 
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[0 0 191 mm 

[00 2 11 ^e>l-^ ^^^l^fi. tf2flii:. 

TV'S. ffi^cfb^T^^^^r^^tc^stfo-cfeSo 

[0 0 2 21 y^^m(DmM.it^y'^U mU 

a^tt^st^ct). ->^xA<o/h§!{ii. mmiti:m^-r 

[0 0 2 31 7 7 — V'V^J-^i:, 

TIB-liSS; (1) Xli (2) T'«$ix?)'S^S:i5 

[0 0241 
[^b3l 



-IK^ (1) 



(2) 



-R-, — 0-R-. -R-0-. -0-R-0-. - 



R-O-R- (mu. HtrlERf*> CxHy (x(il*>P> 
2 0tOll!gC. yf±0*»?>4 0(^SiS:) t?^^ixST/w=ai^ 

[0 0 2 51 rixtcittJ^. 01 (A) (B) 

mcomAn^tfi^mmcni-x. m^-m^ (d x 

14 (2) iz^-ra^/mm-^o h>mm\i.(Dm^^-r^ 
msd.-smmiK mu^m.mcom'^mm^^ft-vxm-^x^x 

[0 0 2 61 ^UT. WIS— (1) . (2) ^C*3^^ 
X. <>f£< i: t-o(0*rfS7'n h i^fiifittroSi&s- P o 
(OH) 2. -S03HXf*-COOHT-fc5«5;4S»*b 

20 V^d5^ Mia— (2) tC*3V^rj4. ii>/£< t t)— 

Htria7°n h>'^iH4<^S;dS-OS03H-CfecTt> J; 
[0 0 2 71 — o<DMIE««:(c^-g-$-er5r irdS 

-et2.mii5'i-tgS(D^»4. ^^■r^u<r>m^n^h\.x 

tmJroTl*^?) 3 os-eav hn— /wnTtg-Cfc 
30 [0 0 2 81 3|c5IWW:x 77— 

[0 0 2 91 

[{Ii4l 



-)RS: (3) 



/ ^aV 



40 [{lU. m^X^RXJ^/XiiX^lt., hvl5?gH4<OS 

fcMIHA3XO!AM4. -0-. -R' -O-R' 

-R' -0-. -O-R' -0-. -R' -O- 
R" - mU. mmR' RXIR" Cx' Fy' H 
z' (x' ttl*»P>2 0©S3S. y' »41*»fe4 0ro» 
IS:, z' »40d»e>3 9i7?«») T«^?tt5 7 5'{t;r/W=Sr 

[0 0 3 01 rwit-g-feJijiufcti^fiioas-e. *^i|s^ 
50 ro{k^6«j^3ttt;is*b<|p]±$ixT*it), »1IM4fc«tv 



(5) 



20 0 3—187636 



[0 0 3 1] ^L-C, «rlE— jRS; (3) »C*JV^T, '>ifc 

< 1 1>— orottnsm hi^<Sf8ttt*s-PO (OH) 2. 
- S03HX»i-COOHtffo5r. t asiif* LV\ 
I 0 0 3 2 1 HtlfErn h :^mm^ff>mt LT, WIE- P 
O (OH) 2Sr^V>fc»-&. StrfBS^cfcig-g-UTV^S- 

5. HfllB-SOsHSrfflV^fcit^. io 

[0 0 3 3] $t>JC, TIS^)-^^ (1) Xit 

(2) -C|g$i^5gSKl*^ip^Sr-&A/-CV^5, 7*0 h>'e» 

(1) : C6o= (C (PO (OH) 2) 2) n 
^J-^S; (2) : Ceo = (C (SO3H) 2) n 
(mU fl^IE^J-^-* (1) RX^ (2) 1C*JINT. riJil 

~3 o-e*>s„ ) 

[0 0 3 41 02 (A) li, mriS:»-^=^^ (1) <?5C6o = 20 
(C (PO (OH) 2) 2) n ({aU. n = 2^-t-.5„ ) 

[0 0 3 51 0 2 (A) \C^-iri:^K^ ttrlE'TtgSW^ 
(Ceo) ^«fifc-r5M3(fM^{c*H.-C. «rlS'e-«gS«^ 

V^-5., HiIIE7°D h>-^gH4(Z)Si: L-T. B«If2- P 

O (OH) 2Srfflv>-CV>5WC, flCflE7^>-l^i^55-^i: 30 

[0 0 3 61 0 2 (A) (C^-t-*^9gicS-3<:?' 

n ^>'e*^Oig5t;^&l4. 'N;ttf. 02 (B) <DSJE£ 

[0 0 3 71 *-r. ^157 7-1^:^:5^^^ (^J;t«. 
Ceo) 2:. ^ f^l^V-:;»*;^7^i67=- b T-x-^/ui: Sr 3 ^/JR 

[00 3 81 ^v^r^ r£0^§t*rfc^»<$:S:SfIt2*^{t: 

*(rfS:7 7-^v^^^ (Ceo) Wiern h:^«flt 

ttOSt b-CcDMIE-PO (OH) 2 4r*1-?)Mf5'g-tl 

[00 3 9] *%WlcS<5< ffinfc so 



[0 0 4 01 

[004 11 JEld^ftfittetllcl' 5 h , MIE^ 1 ffiXtZ/X 

strism 1 mRx^/x\mmm 2 ffiicsi^^Rtsa^^r 

[0 04 2] UT. *%0JicS^< h 

[0 0 4 3] ■€:fi0j^!|SFm?iC0:7'n h>e^©p«;*=.XA 
fi0 3 <?3«^0l^^-r<t 0 •? . h ve^lH5 1 14 

Hi® (fcix.j^7K*«) 2i:m2m {tztx-itmrn 
m) 3 t(Dwncmw^fi. mmvti:f^ (ho « 
0E^EP*-iRi(c»o-cii 1 « 2 mt)^ibm 2 «i 3 1 ^ 

[0 0 4 4] 0 4 1CI4> h:/i5^f^i£rfflVA 
yi:«Si|s^®?lb.<D-=i.^^c«ilSr^•t-„ roBiPf®?&»4. ttiK2 

S^8S.Ot9##cDA1® (^!isf^g3Z.H7k^®) 2S 

e«gpi*sg(tj|p$jvxv>5. ■Kffl^j^ittv ■^m2mxti 

m-Aa 1 2;a^ej*^;45tti^$n. S^tbP 1 3 (r^^li^ 
n^i^^^khh^o ) *-<b#W^lx5. ;^!|sf (Hz) 1 

a Kv-Ji^n h:^€3i[apiT?^^Ufc7'o M^tttJC 

lEmsm^^mL: ^:i..X'mAai 6A^hm.^i7\cm 

*&$^^Tll*^ 1 8--[6]*^5K* (3g^) IQtSfS 

(004 51 *»*»5«^<D«Si|s|-M;?&tt, N ve^SP 

l-CT'n hv-yJs^^Loo, A^g2{i!|;0^t^*&$*r5 7' 
n h>'!6SI®3(i|--#lij-r^cD-e. h^-ro^^^dS 

[0 04 6] Sff IB'g-tgS<©lC A*f * t 5 SfrlEef*: t L 

«#tJ:|JB^L*V^/iS. il^ttCse. Ceo (05 (A) # 
fig) . C70 (0 5 (B) #Rg) . C7e. Cts , Cao , C 

82^ 084 ^ Cae ^ Css > Cm , C92 ^ C94 ^ Cssfii^t'^ 

(0 0 4 71 r.ixt>ro:77 — Ui^5>^F-tt. 1 9 8 5!^l;i 



(6) 
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eS:$>*ff;^^^ h/\^'P\Z^M.^itit (Kroto. H.W. ; Hea 
th.J.R.; O'Brien, S.C.; Curl, R.F.; Smalley. R.E. 

Nature 1985. 318, 162.) „ m^^^ COM^:^&ti^iL 
:^tli(0\t.MK5^m(0:zkX\ 1 9 9 O^lClJlgWIl 

[0 0 4 81 m^it. BulE>'7— V'V^J-^jCtuiBf ffiS 

s?r Stria 3 *mx^a^^^^ei^-h<^^^^«3g«r^^^ u-c^-&-$ 

[0 0 5 01 *^§^lcS-^< hi^e^^^^i LT(?3bu 

[0 0 5 11 ^LT. Wej^StfrfB^^-Wi^MajflsSr 
[0 0 5 21 MIErn hve^«:*S|?K6?)JcWIE7 7- 
x\>i.\\ 

[0 0 5 31 sirfsrp h i^^^wm, ^^mz-m^y? 
[0 0 5 41 mmm-t^it ux^ffl-5rtB<cifi55^^*i-^sf t 

urii. ^*arofi£Ktt*'ti-55i^y-^-wiax«:2a so 



10 

[0 0 5 51 :7 9-V'>'il^ffm54cO#-a-i:a 

^xM^^umz^^-r^^mm^i^-^^ixxio^. y 

»]e (»i?^»4iii^3 0 O/ime^T) i: UTfflVSr 
[005 61 miBS5^)-^Wi|S|-^: L-Ttt, h :^ 

u:x.'f-u>-, y 7s/-fbtf— y r'^'. /if y t'r^/WT/W3 
[0 0 5 71 Jjf y h9 7yW:rn3if^i^^':SSiif* 

<Di:Ki^^fmm^m-M\z!^mx-^^A^i^xih^o ^<o 

^-a-cDiB-g-»«, 3S«%tiT. if4b<l40. 5~ 

1. 5fi»%t^a-e-t-^v st^w^iff-ttiiig-. 100 
[0 0 5 81 *fc. TKy :7 5'-ft;t'=y v'^'-^jK y if=/w 

c (Dit-g-roia-g-Sfi 5 ~ 1 5 fi4%<??<6H t -rs ro*^ J: 
[0 0 5 91 JKy 7/V';^t33if^^:^tc-*J;, :iiVyiyit 

IK5SS*5+^)-t- i: tt^'i V > i: t > o fc^aS-^dS^ C 2) r :4S 
[0 0 6 01 2|s:^IJ6o?^ffi«5#7 9 — ^l^^^^*:ASi^-g■ 
[006 11 :^mmizm-^< m.nitmfy<'f ;^f4. 

\.xmm-f^t^(r>mti. m.m. mm^(r)m&int3f£ 

[0 0 6 21 ■fi»jx.«. m^yy-i^i^i^i-^m^ 

[006 31 BP«>> <£S«<^«gO:fe^t'lJ:T«^{b^^ 
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[0 0 6 4] H30*^:t>mWP^Xh^-f-y>(:i- 

m&^mi:iii'mt-r^(oicMLx. ^mm(omm 

t^i:mvXjEm^»9b^'&. r wT?®S*tSJc£:$-<ir. « 

[0 0 6 5] seoT. *|g?gicS^<m^<t:^7'/W;^ 
[0 0 6 6J *^K^-*5v^-c^i. wia^^-i^^' 

-Sr#. rw*-d?^'i^*t::H«rfS'»tg«SrMIS3M8IX 
(4-tir4il±cD^:t*«jt^:fr L-C?S-g-*-a:TJi5 7 ;^ 

[0 0 6 71 rr.T% SfIfBi!'9;^^ — »<1 

-a-<*:<Dr iT'fct). r©^* fttcJ;-DT:7°o h 

:^^-ti^m%:^i^t-r^h<oxh<^x. ^mm.^ 

■f L-fc 1 0 o%mmi'v:^'f—(D:fyxm^^i%X\,^^t 

[006 8] ::©:*:^B^(cS':3< hvg^flcjt, » 
ii^t LTOSfrfEM3fS:}'5;^^-»C^SE'g-^SS:fltrlH3* 

jES^j-t-rsro-r-, K«i<^JS-C'i>7'n h>'j!is«iiL:g<, 
5o b*^<b. SfifE^3g^'7;^^-ro®-ibi* plcii^iEi- 
[0 0 6 9] Cro^i-g-. SflEi: LTS(Jffi^lif^7>^^>- 



[0 0 7 0] :i(Di:ofim^<o-:fci h^mmi^h. S£j!ft 
[0 0 7 1] m6^z^■i^i><o^t^ mmm^f-a^^m. 

20 spam-^vxi'^^t. m8iz^-i-i:^f£^^'^^>']f 

[0 0 7 2] ;*:lf|5^J-(0^^j!l^!a$SP2!i*-g-UTV^5^' 

[0 0 7 3] -^rttlc^L, y9 — i^>'-^i-/'^^—z^(0 

[0 0 7 4] Elata. 2?'7;^^-|^±;dSi^-a-Ufc^-a-Sr 
[00 7 5] C<D^^r^7;^^-^^<^»4-&(^**. 

srt*s-r-tSo *^?gi-*3v^T. mf^xh^^mi!'^ 

l4*<ft<0S$*Sl 0 0 nmeiT«>t«, t < ICl 

0 0A»Trc>t<^;i5j5i$u<. ^inz.mx-i-^m^m<o 

40 |^J42JJlJi;JSM*bv\ 

[0 0 7 6] SfelCttIfB;@?^^'7X^-i: LT. 

50 $^micf£miz/^mx^ 



(8) 
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10 0 7 81 t(rfB;«;-jKv^-y^aL-:/XfiSfria:5&-3j^ 

[0 0 7 91 crT-0iglc<£ffipItg;fcB9'|S:^-jK>''^/ 

[0 0 8 01 T — ^mm&X\^^ m:k.\^FeS^ Ni. 
-rHe#ffl^T m^}-^! 5 OTo r r) X^^l.. T 

[0 0 8 1 1 ±M<DX.o\^m^\^mMm(O^WTXT- 

o (A) (o^mmiBcxj^nm (b) <o—nwimm\z.7r^'i'^ 
xh^. :iti\^m'^Mcmumti.x^n\^M^mxh^ 

[0 0 8 21 JilEt^ct 5lCbT. T-i:^MWL&\^X^m 

mmi:iff\^xm^^^xmhti^m^mmi^h. ^i^iK 
mxh^^ h^Bmm^^tixy^^^o 
[0 0 8 31 m^^m'^n^tT 

[0 0 8 41 7 0 ox:xljm^tttir/i-^'i-^ 

m^^-sii 0 0 s c cm) ^Riss-^^ w^iiij: 0. m 

10 (C) 0!^«|g|lc:^-rj:5/j^«atSr*r«^StlIB:^- 

[0 0 8 51 rwT% mt^:^—^>'^y'^=^—y(7:>T::^ 
hit;iSi : 1 0 0 0—1 : 1 0 "Cfe^ ^ ^ ^Si^jgi^ U 
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SOOO'-l : 1 0-T?fc5r tJ^S^tf^UVV ^^^c. taiB 
If Jt^Xtliat*tjK*<0«3g«:(?:>^;6S 0. 001-0. 5m 
m-efeSr tdSS^4U<. S^f^fil'-'S Atm-efe^r t 

[0 0 8 61 

immm] sit. mmm\^m-5\,^x:^?^m^M.i^m\m 
[0 0 8 71 mt&mi 

<v>Wt^y9-u-^mmii^ (C6o=c (po (OH) 
10 2) 2) <D^^>^-r. V :^mw^y^—i^'^mmii^(oti!m 

fls:C60=C (PO (OEt) 2) 2(D^^\tXm (Cheng. 

F; Yang, X; Zhu, H; and Song, Y "Tetrahedron Lett 
ers 41(2000) page 3947-3950") Sr##tC UTtrofCo 
1 g ( 1 . 3 9mmo 1 ) (DCm ^6 0 Om 1 flJixK h/^ 
:yi>{cmi!^\^itm. 353mg (1. 39mmol) a 
2 gNa I ^iJPx. W:Wi:l.^J:7^^hO, 3 3 8m 
1 (1. 39mmol) (O ^ "f- u:^i^:^:^:^^y^ h "7 ^ 
(tetraethyl methylene diphosphonate) SrillX. 

C (PO (OEt) 2) itmhfhfz.. 
[0 0 8 81 ^5cv^-C, J:IBlc^§^nfcy — 
^^^^^2^OSfrigffC60 =C (PO (OEt) 2) 2Srlg 
5 0ml<7:)lM N a OH^M^" 6 0 t:-C 1 ^ 
fe1;6:^^>3 O^Pem^U. *P7K5>»UfCo #e>tvfc^*^^ 

30 «flcC6o=C (PO (OH) 2) 2;^s#?^^^^o 

[0 0 8 91 ilBbfc-g^^RJj^tt^CcT^J: 5 J-^i*- if^ 

X^^o 

C6O+CH2 (PO (OEt) 2) 2-»C60=C (PO 
(OEt) 2) 2-^C60=C (PO (ONa) 2) 2->C60 

= C (PO (OH) 2) 2 
[0 0 9 01 mU^W-t bT<^> — 00:7^— lx>-f|lc 

tt:^^Si-5>ii:{cJ:oTl 3 0 *T*=3 >^ h n— 

[0 0 9 11 ±fatc#^>ttfcy >'K^:7^-u>'p*f*: 
C60=C (PO (OH) 2) 2(?DFT- I Ray^(?^*g** 
El 1 1 t^i^i-e la 1 1 J: o\^. 3 4 4 0 c m*' i 

1 6 5 0 cm-» c05SV^t"— ^(^, :^<DO-n<DWmUW} 

lc<J:^ t^->^ tSfc^ti^'So 1 7 2 3 cm-^ -e<Df 

-^\%. ^WNaOH*T-»P7K5>S?t-^Bgtc. -OH 
50 S;55B:gEC6o i:Je'&Ufc|gcot•-^^^^:St>^^:5o 
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[C, 1 2 1 0 c m-^ <h 1 0 4 2 c m-^ "tfc^S^VN v--^ — >^ 

[0 0 9 2] mi&m2 

<y >-^^:7^-i/>'P^<^ (C6o= (c (po (o 

H) 2) 2) 2) 0'^^>:^-f, 1 g (1 . 3 9mmo 

1 ) <^C6o Sr6 0 Om 1 JKiTK h/W^>^t-^A?Ufcm. 7 
0 6mg (2. 78mmol) 3 4 g N a I S:*P 

^i^^b?i^;55^0. 6 7 6ml (2. 7 8 mm o 

I) 0^^1/>'v^4n;^/Jn^7^ (tetraethyl m 
ethylene diphosphonate) ^Mx.tZo T/^=^>';tf;^#ffl io 
^'ti. ^M-5 0t:r*2 4-7 2NFPp1Sj^U;/tm. ^iS. 

(C (PO (OEt) 2) 2) itmhfhtio 

[0 0 9 31 _blBlc#ibtt;rcy >'g^^:7^ — 

^^Sl^^^ct^Sfj^fllCeo = (C (PO (OE t) 2) 2) 2 
*lgSrff^l9. 5 0ml (DIM NaOH^i^ff^lO 

0 x:x* 1 ^Pb^;<>^ 3 0 ^mmw ;!jD7K5>^ Ufco 20 
^-i-:>^li«ffC6o = (C (PO (OH) 2) 2) 2;5S# 
10 0 9 4] ilEUyh-g^^S/Sfmo J: 5 ^ 

C60+2CH2 (PO (OEt) 2) 2^C60= (C (P 

O (OEt) 2) 2) 2^C6o= (C (PO (ONa) 2) 
2) 2^C60 = (C (PO (OH) 2) 2) 2 

[0 0 9 51 ±mcm^ivfzv ^m^yy-u^mmi^ 

Ceo = (C (PO (OH) 2) 2) 2<DFT- I RiaaSO 30 

f^^}^. ^ffi^Jl-c»ibi^yhg|l l^c^i-p«><>^<^e— 
[0 0 9 61 MMi^is 

mmwi 1 j5Lt/ 2 ^ y -^y-u >mmi^(D 

m^'^^^m^^fzM^. TG-DTASlT^RGA (Re 
sidual gas analyzer) CD^^tff S^^To 

[0 0 9 71 TGm^:mmmixmh*ifzv>m^':7 

9—U>mmi^CB0 >C< (PO (OH) 2) 2 (Ceo t 
>C< (PO (OH) 2) 2(Ditm:sb^l - 1) ^cov^T. 40 
TG-DTAaiJ^^=fTofCo ay^Ji. fti^^^cD#H^ 
-e. #?a5SaS: 5 *C/m i n 2r L. J^^SrEl 1 2 

i"o 2i:i9?ge>?ji^?^ctJ:5t^> mmm<i^\^^^^'tE. 
sto-cfcSo *^3 0 o*C;&^e>4 0 ot:<Da*i^^f;iK 

[0 0 9 81 RGACOfiO^ ' B.GA<Dm'^\tM.Pcf>^^M 
-efTV>. 2 t:/m i n t jfeSSrEI 1 3 t;i so 
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T^-To HI 1 3 (7)— #_h^D^V^^f^*C^)5>JQET*fcS, CO 
2tCO(D^m\t,2 0 OX.t^hX^otZo 3 00 

t:#3£T?j:i c o o fc-- ^ h tiito 

[0 0 9 91 mi 2RXfmi 3 ^^m^^^^J:^0\^. T 

G^RGAj^mtcj:oT. *JS0iii-e#^nfcy vgg^ 

yy-'U>mmi^C6Q>C< (PO (OH) 2) 20lfSft 
it\t2 0 0X:}£l±Xhoito 2 O OX:i!t^(bUm:^^\^ 

[0 1 0 01 mmm4 

(Di^m>^i&mi t2xmhf\.ti^'):^m^'7y—ui^ 
[0 1 0 1 1 mmms 

<*js«3ii t2<D])>mmyy-'^>^mmv^<o-<u^y v 

JEO. 1 VJgr^iOUyho ^jSI9:Sr7MHz;6>e>lHz"C 
46^111^1/2 0^1x5^ h;6^^/.^5:7^n V:yBMW(D:fu 

vi^Bmm\t. mm,mK\t. ^1 4tc^i-j:5*«# 

(omz^ix^ivmmAtmK^t^W^^\.x\^^^o ^ 

[01021 CwT% ^/>->^Z^i, Z = R 

e (z) + i • im (z) -e^stt. H(Ii5^«^llj^s-e^ 

[0 10 31 /Uri— /u:7'p (Igj 1 5 ) 

8X10-^ S cm-» XhofZo MMm2<DV l^mM':^ y 
— U>'f|^<2^(D'-<U-/ hfi8. 4 X 1 0--* S cm-» -Cfc 

ofco ;irT% mmm2<D^) i^m,'myy—\^i^m^^v^(o 

yy-i^i^ii^'^\c^^^^fifzmW^mm<Dm>^<. :l 

[0 10 41 mmme 

<v>m^yy-iy>mmi^<Dmm^ (cbo= (c (p 

O (OE t ) 2) 2) n) (D^^> 1 g (1 . 3 9mmo 
1) OC6oSr6 0 0ml]K*h/i^^>-lc^<»Lfc^. 
8. 82g (3 4. 7 5mmol) Hf^^tlOgNa 
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I SriP;t. »i$?:b^jr;i5^iiSiJfi8. 45ml (34. 
7 5mmol) ^ l/>-i^4N;^4>®^'r h ^^^/l^ (te 
traethyl methylene diphosphonate) i:l3U^ito T/i^^ 
iy:if:^(D^mn^. ^ta-S or-C2 4-7 2^r«136i$ 

t&|gf*:C60= (C (PO (OEt) 2) 2) n:dmi^n 
tZo rcDW^ttytCeo = (C (PO (OEt) 2) 2) n 
^COV^TMALD I -TOF-MS-CiBI^Lfei^^. n 

[0 10 5] Jll^bfc'g^^S/6ft^^fc^OJ:5^-«■rw<i:^s 

Ceo + 1 2 CH2 (PO (OEt) 2) 2->C60 = (C 
(PO (OE t ) 2) 2) 12 

[0 10 6] mmMi^tL.x<D^ mxxtyy—\^ 

^-^^^ mkJii. Ceo) icil^'g^Sit^r ^365-Ct$tfriE 

-g-igst^scfi. ^^'^^U(ommv^h\^x(om^P(}i. 

[0 10 71 ^jfeg!l7 



<;^>r^7}^^^i^^:7 7 — i/^^^^f* (Ceo = (C (SO3 

H) 2) n) (O^)^ (1) >*-r> 1 g (1. 3 9mmo 

I) (DCeo ^4 0 Om h/l^^>t-^^b:^c^. 

3. 53g(13, 9 mm o 1 ) 3 t 5 g N a I ^ 
JD;t:/ho «^Srb>'^365feaa*JS2. 96 g (13. 9m 
mo 1) (r>:^^l^-y:^fV^^l^^''y^ "^"y ^ K (methane 
disulfonic acid chloride : CH2 (SO2CI) 2) ^ 

iDx.fco Tj^=^>:^:^<D^mn.^. ^m.x2 4m^f)^h 

:^>^7k-:7v—\^l^m^i^<Dmmi^Ceo= (C (SO2 
C 1 ) 2) n:6S^§ibixfCo 

[0 10 81 ?5:v^-e. ±f5tc#ibtty£:^/w;4^>^®g^:7^ 
-l/^-^^fzlccDtlJlg^^CeD = (C (SO2CI) 2) 
IgW^t). lOOmlOlM N a OH^?gEf ^^X* 

i^m^^hs omsmii^i^. myi^^mi^tzo mhivtzm 

-l/Vf|#($C60 = (C (SO3H) 2) n/55#p5ttfCo 

[0 10 9] rcT*. ±IEtc#ib;h.fci>^/U7^:/gg^:7^ 

— W>-^#f$C60= (C (SO3H) 2) n^COV^T. M 

ALD I -TOF-MSr-aOSL. *ySi7n*5>«f b^bM 
nfi4d^^6-efco/Co 

[0 110] ±iabfc'a'^s/Sfl»ccoJ;5l-«-r::^?52 

C60+-CH2 (SO2CI) 2-»C60 = (C (SO2C 



1) 2) n^C60== (C (SOaNa) 2) n^Ceo = (C 

(SO3H) 2) n 

[0 111] ±mKmhnit^^i^:^i^wtmyy—i^>m 

mi^Cm = (C (SO3H) 2) n^-oV^TFT- I RSr 
aOSLfcJffiSSrSl eic^-To mieX^mh:^^^J:^0 

3 4 3 6 cm-i t 1 6 3 5 cm-i <DaStV>t:"— 
7i^<DO-H\cX^\^'—^ t^iotl^o 1 7 20c 

m-i ^?^5Sv>t'*— ^itSf;55Na OH^^T-JDtK^^^-T^ 

10 t?tv5o ^^t^x 1 2 3 2 cm-1 ^ 1 0 2 6 cm-1 

[0 112] <mMm7 <D::^/}^:^:^m^y^-'i^>M^M 

Atmm(D^m^m\^^xY^m\^fzt:L^. m^m^Am 

m, Jf:;^m. 12mmT*fcofCo wC0{^i8bfc-<U>:x 
[0113] la 1 7J1=2— /v-^— /w:rn 5/ b-efc^o la 

5. 6 X 1 0 -2 S cm-» ^fco/Co --"C. ^iS^Jl ^ 

mmtm^^<D\^. wrm^^t\^X<oy'7—i^i^ji^^\c1^ 
[0 1 14] w^ns 

<:^/v^siymmyv-i^>mm^Vf (C6o= (c (S03 

H) 2) n) (O^^ (2) >:^-f> 1 g (1. 3 9mmo 

I) OCeo ^4 0 Om IJBiTk b/^^>^l-^^bfc^. 

3. 53g (13. 9mmol) 3 i: 5 g N a I 
m^fzo a*^SrU;i;5Sfeia*JS:3. 22g (13. 9m 
mo 1) (^;^ ^^^v^-:^/W7}>>^®^i^ai^/Pai;^7^/W (meth 
ane disulfonic acid diethyl ester : CH2 (SO2O 

40 Et) 2) sr*px.fco T/^=f:^:^:^(D^mm.^. mmx 

2 4^M;5i-fc 9 emmmWl^ito ^RJt>(0^m^^^& 

irw^. ;^/i-7)N>-^^:7^-ix>'f|^«:cDSfrlE«^C6o = 

(C (S020Et) 2) ntmhtltZo 

[0 115] ^5cv^T^ ±l5^il#?>^^^;^/^^vg^^:7^ 
-UZym^i^(Omm^Cm-^ (C (S020Et) 2) n 
^lg?¥^*9. 10 0ml<?:)lM NaOH^?^^'^?! 
3^fi5 or-ei^ra;0-Jb3 o^^a^^U *Q7k5>ft¥b 

50 /i'2|^>'Sft^:7^ — ix^^^flsceo = (C (SO3H) 2) 



19 

[0 116] rrT% ±iai-#e>H/:i;^/i^j^>'®g^77 

— U>'«^flEC66= (C (SO3H) 2) n^COV^-C. M 

ALD I -TOF-MS-CjfflJ^U. *fc7C5S55-<ff UytiK 

[0 117] ±mvtz'^^^!t^^t.l^^(oi.o\cm■i-^tf)i 

C60+.CH2 (SOaOEt) 2->C6o = (C (SO2O 
Et) 2) n-»C60 = (C (SOsNa) 2) n-»C60 = 

(C (SO3H) 2) n 10 

[0 1181 rrt?. rwst^s^{cov^-cFT- 1 R=tm 

[0 119] 

[0 12 0] WiUtm^*^. mu-^^ h^-^utt 

[0 12 11 ^mm<oy'u h>Bm'P^o:>n^:^mi^Xin 
[0 12 21 ^^m<om.%<t^y'''<^ mi 
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[lllS03fS¥/itft§gi 

[mil >^^m(D^m(Dmmici:^-:fu i-^y^m-t^cDm 

[1112] 1^. ZT'n h ^-g^f^roi^^CEI&US^roSSit^^Sfe 
[13 31 1^. j^i|s|-«m©7°ci h ;<;=XASr* 

[US] 1^. :foh>-^mm^iS\^^xmtl^tfj:i>-7 9 — 

[g|8l 1^, i3^-»i^^y:^9—<r)^<r>m iif^'^^^ 
[11191 1^. <DMlcfife<D«a| (^7;^ 

[EllO] P. -zfuVi^^mWonWhti^iJ—^f^i^-r 

/'f-z^—-:flSi.xS--^—^->yr^^'^—<r>WMmxi)^. 

[01 1] FT- I RfilJ^^;?: 

[012] 1^, TG-DTAjB!)3£ife*Sr^i-i^7 7-efc 

[013] i^. RGAaiJ^^mS:^-rj/7 7t?fc5„ 
[BI141 1^, t^ffiHIKSr^-rElffcS. 

[015] 1^. ^)^^mkyy—\^^■ymMwm%.^^^vv 
[016] m. FT- 1 Rm^f^^^^-ti^yyxi) 
[017] P. ::^/i^:^>mmyy-^-:^mmf^mM-<^ 

8. 9--m^. i2-«AP (^mm . 13-s^ttjp 
(7K*«) , 1 (H2) . 1 (tk^ 
ffl) . 1 6-#Ao (Sfc^ffl) . 1 (.mm 
m) . i8-^*p (mmm) . 19-1^* (s^) 
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